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HYDRODESULFDRZZATION PROCESS 

BACtCGROUN n OF THE INVENTION 

Field of the Invention 

The present invention relates to the 
5 hydrodesulfurization of petroleum streams in a distillation 
column reactor. More particularly the invention relates to 
a process wherein a petroleTom fraction is fed to a 
distillation column reactor containing a 
hydrodesulfurization catalyst in the form of a catalytic 
10 distillation structure where the organic sulfur .compounds 
contained in the petroleum fraction are reacted with 
hydrogen to form H2S which can be stripped from the 
overhead product. 
Related Information 
15 Petroleum distillate streams contain a variety of 

organic chemical components. Generally the streams are 
defined by their boiling ranges which determine the 
compositions. The processing of the streams also affects 
the composition. For instance, products from either 
20 catalytic cracking or thermal cracking processes contain 
high concentrations of olefinic materials as well as 
saturated (alkanes) materials and polyunsaturated materials 
(diolef ins) , Additionally, these components may be any of 
the various isomers of the compounds. 
25 organic sulfur compounds present in these patroleum 

fractions are denoted as, "sulfur". The amount cC sulfur 
is generally dependent upon the crude source. For instance 
the Saudi Arabian crudes are generally high in sulfur as 
are certain domestic crudes. Kuwaiti, Libyan and Louisiana 
crudes are generally low in sulfur. The type of sulfur 
compounds will also depend on the boiling range of a given 
stream. Generally the lower boiling fractions contain 
mercaptans while the heavier boiling fractions contain 
thiophenic and heterocyclic sulfur compounds. 

The organic sulfur compounds are almost always 
considered to be contaminants. They hinder in downstream 
processing and at the very least make obnoxious .SO2 gas 
when burned. For these reasons it is very desirable to 
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remove these compounds. The degree of removal is dependent 
upon the use of the fraction. For instance, feed streams 
to catalytic reforming require extremely low sulfur con- 
centrations (less than 1 wppm) . Current EPA regulations 
5 call for combustible motor fuels such as gasoline, kerosene 
or dlesel to have no more than about 500 wppm sulfur. it 
is expected that in the future the sulfur specification 
will be lowered to about 50 wppm, especially for gasoline. 
The most common method of removal of the sulfur 

10 compounds is by hydrodesulfurization (HDS) in which the 
petroleum distillate is passed over a solid particulate 
catalyst comprising a hydrogenation metal supported on an 
alumina base. . in the past this has generally been done by 
downflow over fixed beds concurrently with copious 

15 quantities of hydrogen in the feed. The following 
equations illustrate the reactions in a prior art typical 
HDS unit: 

(1) RSH + H2 ► RH + H2S 

(2) RCl + H2 ► RH + HCl 

20 (3) 2RN + 4H2 — — RH + NH3 

(4) ROOH + 2H2 RH + H2O 

Additional reactions depend upon the sulfur compounds 
present and the source of the fraction. The catalyst used 
for hydrodesulfurization necessarily is a hydrogenation 

25 catalyst and the support sometimes is acidic in nature. 
The latter characteristics provide for some hydrocracking 
and hydrogenation of unsaturated compounds. The 
hydrocracking results in a higher volume of a less dense 
(lower specific gravity) material than the feed. 

30 Typical operating conditions for the prior art HDS 

reactions are: 

Temperature, 'F 600-780 

Pressure, psig 600-3000 

35 H2 recycle rate, SCF/bbl 1500-3000 

Fresh H2 makeup, SCF/bbl 700-1000 

After the hydrotreating is complete the product is 

fractionated or simply flashed to release the hydrogen 
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sulfide and collect the now sweetened fraction. 

It should be noted that the conditions or severity of 
the operation will depend upon the sulfur compounds present 
and the degree of desulfurization desired. For instance 
5 mercaptans are lauch more easily desulfurized than 
thiophenes. The desulfurization of thiophenes and other 
heterocyclic sulfur compounds necessarily involves breaking 
and saturation of the rings which requires higher severity. 
A method of carrying out catalytic reactions has been 
10 developed wherein the components of the reaction system are 
concurrently separable by distillation using the catalyst 
structures as the distillation structures. Such systems 
are described variously in U.S. Pat. Nos. 4,215,011; 

4 232,177; 4,242,530; 4,250,052; 4,302,356 and 4,307,254 
15 commonly assigned herewith. In addition, commonly assigned 

U.S. patent 4,443,559, 5,057,468, 5262,012 5,266,546 and 

5 348,710 disclose a variety of catalyst structures for 
this use and are incorporated by reference herein. A 
distillation column reactor has been utilized wherexn a 

20 solid particulate catalyst has been P^-*=^/'^^^" " 
distillation column so as to act as a disr,xllation 
structure. The distillation column reactor has been found 
to be particularly useful in equilibrium limited reactions 
because, the reaction products have been removed from the 
25 reaction zone almost immediately. Additionally the 
distillation column reactor has been found to be useful to 
prevent unwanted side reactions. 

in U.S. patent 4,194,964, Chen, et al propose a process 
operated at about 300 psig to 3000 psig, high ^y^^og^n 
30 partial pressures and high hydrogen flow rates (around 4000 
SCF/B) for concurrent hydroprocessing and distillation of 
^eavy petroleum stocks. Essentially Chen, et al disclose 
the use of concurrent distillation and hydroprocessing of 
the heavy stocks for the standard high pressure treating 
35 and hydrocracking . The range of conditions is fairly 
consistent with the prior art processes. 

The present invention uses catalytic distillation in 
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3r^lT""i""°" " "-^o" about 

300 p«ig, preferably below about 290 ana „ore preferably in 
«^e range of 0 to aoo p=i„ lo„ ^^^^ ^^^^^ I J 
xn the range of o.l to 70 psl and temperatures in the 
range of 400 to soo -P. Briefly the invention »ay be ."a 
to comprise: ^ =>oj.u 

feeding (i, a petroleum strea:n containii^g sulfur 
compounds ana hydrogen to a aistlllatlo! colu^ 

concurrently in said distillation column reactor 

(a) distilling said petroleum stream whereby 

^ITaZITT' ^"^^'^^'^ "'^^"^ ^^--^ 

saxd dxstxilation column reactor, an internal reflux of 

ixguxd fiowang downward in said distillation column reactor 

and condensing petroleum products within said distillation 

colxunn reactor, -■--■.ai-xon 

(b) contacting said petroleum stream and said 
hydrogen xn the presence of a hydrodesulfurization catalyst 
prepared in the form of a catalytic distillation structure 

partxal pressure xn the range of o.l to less than 70 psi 
and a temperature in the range of 400 to 800 -P whereby a 
portion Of the sulfur compounds contained within said 
petroleum stream react with hydrogen to form H2S; 

withdrawing an overheads from said distillation column 
reactor containing said H2S; 

hlcr'^T^'"' ""'^ overheads by condensing a 

higher boxlxng fraction in a partial condenser; 

di ' °' condensed overheads to said 

distxllatxon column reactor as external reflux; and 

Withdrawing a bottoms product having a lower sulfur 
content than said petroleum stream. 

The operation of the distillation column reactor results 
xn both a liguid and vapor phase within the distillation 
reaction zone. a considerable portion of the vapor is 
hydrogen while a portion is vaporous hydrocarbon from the 
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zone there is an ^isina vaporous hydrocarbon 

external reflux which cool the rising vap 
5 condensing a portion within the hed _ ,^ 
Without limiting the scope of the "^^^ 

— ---rerrthTirr^^^^^^ 

of the present process is rne occludes 

in the reaction system, wnxv** 
the vapors in the re _ i iauid to obtain the 

requisite intuaoii= -.talvst to result 

sulfur compounds in the presence ot the catalyst 

m their hyarogenation. process in the 

^e result of the "^'^^^^^f^^^/, partial 
- ca-V^- lo^r t^rtissures, .ay he us.a. 

/Hc^- Til at ion coluian reactor. Tne x-eiun 
within the ^^^^ „„„tain. higher boiling 

,t the lower „ ^^rature than the upper 

,0 material and thusis ^^^^^ wnioh 

ena Of ™:,„<„ehle sulfur compounds, is 

tea to lo^sr te^eratures at the top of the column 
rir;Lt.rfor g^eate. -ecti^ity that is. ^less 

« ''^--r " V ni^r h^^, Porttrn i. suh^ectea to 
compounds. The hig distillation 

^u:: cr^^r^rthe sulfur containing .ing 

compounds -^ ™'^^\„*":^r P«.»t reaction catalytic 
,0 It is believea «>at m the P ^^^^^^^^ 

distillation is a benefit initial 
occurring concurrently J'^^ J^l^^^^^^^^^, „e removed 
reaction products and -^'^J^^^^'^^ J^^,^^, reducing the 
from the reaction «ne « '^"^"^'^J^^, all the 

llKelihood Of J-=*::r ,J.raU reaction is 

components are boiling tne p ^lixture at the 

controlled by the boiling J^^^„timply creates more 

system pressure. The heat or ^ 
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boll up. but no increase 1„ temperature at . • 
pressure. as a result, a great d.»i 7 
rate of reaction and disSI^lo„ °/ "'^"^ 
achieved by regulating 4, "it^^'j"^^^^^ 

-ousting tne throughput ,resld:r:.",^~;;id 

space velocity-1) gives fur-i-K liquxd hourly 

distribution ana t:aVAe =:rr:io^"t:"-d" ~ 
such as oligomerUatlon. a .'"J ""^ '""tlons 

reaction „ay gain from catalytfc Ltm't*; 
washing effect that the Internal r.,, " 

.,enrt?;erp' ^zT ^ H^vcrr ^ ^ 

distillation reaction son.. ' ^ " """^"^^-^ 

Petroleum fractions which may be tr-*.,, » 
sulfur by the ln«i-=.nt treated to remove 

-Phthas, Xerosene:"diesr. gaT^ Lr^at'" 
vacuum, and reslduums. The 'f raott J C r^^^^^^ ^ 
Mterial direct from a crude f recti "raight run 

the result of downstr.» p^^eX " " 

catalytic crac^ng.pyrolyslsolrar'coC " 

^ihta^' rTacrn - uT;r::i— — r 

cause floodina of i-ho ««i f which would 

.effectuatlng'alLToT^™/— r:r°''- 

ri:. — x°'t:-r:" - 

.«.unt Of hydrogen «.e::ed"tne^rnsrdT;rd:ta"^ 
tions such as double or i, ^ ea cy side reac- 

-ow rates are typical" c?iratras"s:::::tr- J^"-" 

- - - - - or:„:t 

Surprisingly, a low total Drea.n~ w , 
Pslg, for example In the range ofo T^o T "° 

for the hydrodesulfurl.ation an'hydtgen !a«iar 

Of less than 70 psi do«, to o.l psIHIn J " 

0.1 to ,0 pel, preferably abou'l-lrr ™' 
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preferred hydrogen partial pressure is l«s 
^is preferably is a nydrogen partial pressure in the range 
Tf Jout 0.1 to 10 psia and even .ore ^'^^'^^I^Zl 
than 7 psia. opti>«l results have been obtained in th. 
s ra^e balwe«, 0.6 and 50 psi, hydrogen partial pressure 
' ::ere th. petroleum strea. is ^ ^^/^^^^^^ 

conditions are overhead temperature in the range of 350 to 
550 -F, the bottom temperature in the range of SOOto 800 
"p and the pressure in the range of 25 to less ««n 300 
„ Where the petroleum stream is a kerosene, typical 
" To Iltio?; are overhead temperature in the range o, 3S0 to 
650 -F, the bottoms temperature in the range of 500 to 800 
■T and the pressure in the range of 0 to 200 pstg. «her. 
F, ana tne p alMl typical conditions are 

the petroleum stream is a diesel, typ the 
overhead temperature in the range of 350 to 650 F the 
" :::foir temperature in the rang. 500 to 850 -r, and the 

-"^riyrtricr^eVsIfr^oV^^h. hydrodesul^^^^^^^^ 

" r m'ra'enror tungsten on a suitable support vhich^V 
he alumina, silica-alumina, ^^^^'^"^ "^"^J 

- —-ir rsrr^.. 

VIII metals of the Periodic Table or mixtures thereof ^ 
rsfof the distillation system reduces the deactivation and 
Lr,or longer runs than the fi«d b.d hydrogenation 
^Ts Of le Trior art. The croup VIII metal provides 
rrLs'^a :::ra\l average activity. CatalVSts centering a 
oroup VIB metal such " --^f/"'-,^:::;3,:Titrble for the 

- "^nir^rrt r o::r rpird on Tneutrai 

rr aaVrm:. silica-alumma or the liK.. The metals 
ere reduced to the sulfide either in use or prior to by 
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p^rt" """""""^ -"Gaining stream. 

TABLE I 

Manufacture Criterion Catalyst co. 

Designation c-448 
Form Tri-lobe Extrudate 

Nominal size. 1.2 mn, diameter 
Metal, Wt.5 

Cobalt 2-5% 
Molybdentam 5-20% 
support Alumina 
Broadly stated, the catalytic material i= » 
a distillation system functioning as both °^ 
distillation pacing, i.e., TpTc^^gTr I rs^lritti:: 
fl~^"^ botb a distillation function and ^t:^ 

The reaction system can be described >. * 
Since t.. catalyst re»ai„e a ^is^iZ ZT.^y -et.rcg.ncu. 
A pr.ferred catalyst structure fc- ^>,. 

mesh tubuxar ,«terlaX, such as stainless steel „iJe J^T 
fUled „.th a particulate catalytic material m „„" 

™Lrrcr:. - -.uncticr.:: 

one new catalyst structure developed tcr use In 
hydrcenations is described in us Pat. He. S,.e.,s,Tl>a^ 
is incorpcrated herein i„ its entirety. Briefly the „ 
catalyst structure is a catalytic dirtill!: ^ 
cc^ris.ng flexible, s«.l-rigid cpen „esh tubular .atrial 
such as stainless steel wire „esh, filled wi^ ^ 
partxculate catalytic material said tubular material having 
two ends and having a length in the rang, of fro„ about 

firs't e d*: ""^ '''"''^ °' material a 

first end being sealed together along a first axis to form 

second axis to form a second seam wherein the plane of the 
"rst seaa, along the axis of said tubular material and the 
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plane of the second seam along the axis of said tubular 
material bisect each other at an angle of about 15 to' 90'. 

US Patent No. 4,242,530 and US Pat. No. 4,443,559 which 
are incorporated herein, disclose supported catalyst in a 
5 plurality of pockets in a cloth belt or wire mesh tubular 
structures, which is supported in the distillation colxunn 
reactor by open mesh knitted stainless steel wire by 
twisting the two together into a helix. U.S. Pat. No. 
5,348,710, which is incorporated herein, describes several 

10 other suitable structures in the prior art and discloses 
new structures suitable for this process. Other catalytic 
distillation structures useful for this purpose are 
disclosed in U.S. patents 4,731,229 and 5,073,236 which are 
also incorporated by reference. 

15 The particulate catalyst material may be a powder, small 

irregular chunks or fragments, small beads and the like. 
The particular form of the catalytic material in the 
structure is not critical, so long as sufficient surface 
area is provided to allow a reasonable reaction rate. The 

20 sizing of catalyst particles can be best determined for 
each catalytic material (since the porosity or available 
internal surface area will vary for different material and 
of course affect the activity of the catalytic mat^irial) . 
For the present hydrodesulfurizations the preferred 

25 catalyst structures for the packing are those ci^mploying 
the more open structure of permeable plates or scrc^en wire. 

EXAMPLES 

In the examples 1-3 below a catalyst struci:ure was 
prepared as disclosed in U.S. Pat No. 5,431,890, which is 

30 incorporated herein, containing 0.947 pounds of the 
catalytic material described in Table I and placed in the 
middle nineteen feet of a 20 foot tall 1 inch diameter 
distillation column reactor- There were 1/2 foot of inert 
packing in a rectifying section above the catalyst and 1/3 

35 foot of inert packing in a stripping section below the 
catalyst. Liquid feed was fed to the distillation column 
reactor at either at about the mid point or below the 
catalyst bed and hydrogen was fed at the bottom of the 
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catalyst bed. In each of the examples there is a showing 
of a sxibstantial reduction in the amount of organic sulfur 
in both the overheads and bottoms, the removed organic 
sulfur that has been converted to H2.S and separated 
5 overhead by partial condensation of the overheads. 

Example 1 

A full boiling range naphtha was fed to the distillation 

colximn reactor containing a the catalyst prepared as noted 

above. Conditions and results are given in TABLE II below. 

10 TABLE II 

Run No. 4 25HbS 

Hours 605.2 
Feed 

rate, Ibs/hr 1*00 

15 total sulfur, wppm (mg) 925 (419) 

H2 -rate, SCFH (SCFB) 11.03 (3243) 

Temperature , • F 

Overhead 364 

20 Top Catalyst Bed 503 

Mid catalyst Bed 514 

Bottom Catalyst Bed 58 0 

Bottoms 679 

Feed 401 

25 

Total Pressure, psig 200 
Hydrogen Partial pressure, psig 23.9 

30 Overhead 

rate, Ibs/hr 0.74 
total sulfur, wppm (mg) 120 (40) 

Bottoms 

35 rate, Ibs/hr 0.20 

total sulfur, wppm (mg) .203 (18) 

Reflux Ratio 10:1 

40 Catalyst above feed, feet 9 
Catalyst below feed, feet 10 

Conversion of organic S, % 86 

45 ExEoaple 2 

A kerosene fraction was fed to the distillation column 
reactor described above. Conditions and results are given 
in TABUS III below. 
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TABLE III 



10 



15 



20 



25 



30 



35 



Run No. 
Hours 

Feed 

rate, Ibs/hr 

total sulfur, wppm (mg) 
H2 rate, SCFH (SCFB) 

Temperature , • F 
Overheads 
Top Catalyst Bed 
Mid Catalyst Bed 
Bottom Catalyst Bed 
Bottoms 
Feed 

Total Pressure, psig 

Hydrogen Partial Pressure , psig 

Overhead 

rate , Ibs/hr 

total sulfur, wppm (mg) 

Bottoms 

rate , Ibs/hr 

total sulfur, wppm (mg) 

Reflux Ratio 

Catalyst above feed, feet 
Catalyst below feed, feet 

Conversion of organic S, % 



4 25HDS 

1757.2 



1.00 

1528 (694) 
5.02 (1476) 



449 
647 
659 
697 
784 
450 

100 
11 



0.81 
38 (14) 



0.17 

1577 (122) 

10;l 

19 
0 

80 



40 



Example 3 

A diesel fraction was fed to the distillation column 



reactor as described above, 
given in TABLE IV below. 



Conditions and. results are 
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20 



25 



30 



35 



40 
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TABLE IV 



(mg) 



Run No. 
Hours 

Feed 

rat:e, Ibs/hr 

total sulfur^ wppm 

H2 rate, SCFH (SCFB) 

Temperature , • F 
Overheads 
Top Catalyst Bed 
Mid Catalyst Bed 
Bottom Catalyst Bed 
Bottoms 
Feed 



Total Pressure, psig 

Hydrogen Partial Pressure, psig 



Overhead 

rate, Ibs/hr 
total sulfur, wppm 

Bottoms 

rate, Ibs/hr 
total sulfur, wppm 



(mg) 



(mg) 



Reflux Ratio 



Catalyst above feed, feet 
Catalyst below feed, feet 

Conversion of organic S, % 



4 25HDS 

1421.2 



1.00 

1528 (694) 
10.03 (2949) 



438 
634 
648 
689 
801 
450 

100 
23 



0.77 
84 (29) 



0.21 

1278 (122) 

10:1 

19 
O 



78 

Example 4 



45 



In the following example 18.7 pounds of the catalytic 
material of Table I were placed in the catalytic distilla- 
tion structure prepared as disclosed in U.S. Pat No. 
5,431,890, and were placed in the mid 40 feet of a fifty 
foot tall three inch distillation column reactor. Liquid 
feed was to about two thirds of the way up the column and 
hydrogen was fed below the bed. A second full range fluid 
cracked naphtha was feed to the column and the conditions 
and results are reported in TABLE V below. 
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TABLE V 



10 



15 



20 



25 



30 



35 



Run No . 
Hours 

Feed 

rate, Ibs/hr 

total sulfur, wppm (mg) 
H2 rate, SCFH (SCFB) 

Temperature, "F 
Overheads 
Top catalyst Bed 
Mid Catalyst Bed 
Bottom Catalyst Bed 
Bottoms 
Feed 

Total Pressure, psig 

Hydrogen Partial Pressure, psig 

Overhead 

rate, Ibs/hr 
total sulfur, wppm 



(mg) 



Bottoms 

rate, Ibs/hr 
total sulfur, wppm 

Reflux Ratio 
Internal Reflux 

catalyst above feed, feet 
Catalyst below feed, feet 

Conversion ot organic S, % 



1027HDS 
308 



20.0 

1242 (11,277) 
41 (601) 



476 
552 
651 
696 
749 
297 

200 
21.23 



16.0 
122 (886) 



4.0 
35 (64) 

4:1 
6.02 

15 
25 

92 
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The Invention claimed is: 

1. A process for the hydrodesulfurization of petroleum 
streams comprising: 

(A) feeding (l) a petroleum stream containing organic 
sulfur compounds and (2) hydrogen to a distillation column 
reactor; 

(B) concurrently in said distillation column reactor 

(1) distilling said petroleum stream whereby 
there are vaporous petroleum products rising upward through 
said distillation column reactor, an internal reflux of 
liquid flowing downward in said distillation column reactor 
and condensing petroleum products within said distillation 
column reactor, and 

(2) contacting said petroleum stream and said 
hydrogen in the presence of a hydrodesulfurization catalyst 
prepared in the form of a catalytic distillation structure 
at total pressure less than about 300 psig, hydrogen 
partial pressure in the range of o.Ol to less than 70 psi 
and a temperature in the range of 400 to 800 'F whereby a 
portion of the organic sulfur compounds contained within 
said petroleum stream react with hydrogen to form H2S; 

(C) withdrawing an overheads from said distillation 
column reactor containing said H2S; 

(D) separating the H2S from said overheads by condensing 
a higher boiling fraction; 

(E) returning a portion of said condensed overheads to 
said distillation column reactor as external reflux; and 

(P) withdrawing a bottoms product having a lower sulfur 
content than said petroleiim stream. 

2. The process according to claim 1 wherein the 
pressure is below about 290 psig. 

3. The process according to claim 1 wherein the 
pressure is in the range of 0 to 200 psig. 

4. The process according to claim 1 wherein the 
hydrogen partial pressure is in the range of about 0.1 to 
70 psig. 

5. The process according to claim 1 wherein the H2S is 
separated from said overheads by condensing the higher 
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boiling fraction in a partial condenser and removing said 
H2S as a gas along with any iinreacted hydrogen. 

6. The process according to claim 5 wherein a portion 
of said condensed overheads is returned to said 
distillation column reactor as external reflux. 

7 . The process according to claim 1 wherein said 
petroleum stream is a naphtha. 

8 . The process according to claim 7 wherein the 
ovierhead temperature is in the range of 3 50 to 550 "F^ the 
bottoms temperature is in the range of 500 to 800 and 
the pressure is in the range of 25 to 300 psig. 

9. The process according to claim 1 wherein said 
petroleum stream is a kerosene. 

10. The process according to claim 9 wherein the 
overhead temperature is in the reuige of 350 to 650 T, the 
bottoms temperature is in the range of 500 to 800 'F, and 
the pressure is in the range of 0 to 200 psig. 

11. The process according to claim 1 wherein said 
petroleum stream is a diesel. 

12. The process according to claim 11 wherein the 
overhead temperature is in the range of 350 to 650'F, the 
bottoms temperature is in the range 500 to 850 "F, and the 
pressure is in the range 0 to 150 psig. 

13. The process according to claim 6 wherein all of 
said condensed overheads is returned to said distillation 
column reactor as external reflux. 

14 . The process according to claim 1 wherein a bottoms 
product is taken from said distillation column reactor. 

15. The process according to claim 14 wherein a portion 
of said bottoms is heated in a reboiler and returned to 
said distillation column reactor. 

16. The process according to claim 14 wherein all of 
said bottoms is heated in a reboiler and returned to said 
distillation column reactor. 

17. The process according to claim 1 wherein the H2S is 
removed from said overheads by stripping in a separate 
distillation column. 

18. The process according to claim 1 wherein the 
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hydrogen partial pressure is in the range of about 0.1 
70 psi. 
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